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species have been well studied (Kentish, Snowy, Piping, and Mountain plovers), which contrasts with the
dearth of knowledge for most others. Nest survival is the best studied vital rate and many species have an
approximately 50% chance of producing young from a single nesting attempt. Nest survival patterns vary in
response to intrinsic factors such as nest age, season, adult fitness, and egg quality and extrinsic factors such as
habitat at the nest site, and anthropogenic influences. Many studies examined the role of predator control and
exclusion and found that, while exclosures lead to increased hatching success, the contribution to long-term
population growth was less certain. Age-specific survival rates have been well studied in just a few species and
reveal a pattern of low chick survival (often
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Abstract. Demography is the foundation of conservation directed at influencing population 
growth. A review of 39 species of plover revealed the disparity in our understanding of their vital 
rates and population biology. A few species have been well studied (Kentish, Snowy, Piping, and 
Mountain plovers), which contrasts with the dearth of knowledge for most others. Nest survival 
is the best studied vital rate and many species have an approximately 50% chance of producing 
young from a single nesting attempt. Nest survival patterns vary in response to intrinsic factors 
such as nest age, season, adult fitness, and egg quality and extrinsic factors such as habitat at the 
nest site, and anthropogenic influences. Many studies examined the role of predator control and 
exclusion and found that, while exclosures lead to increased hatching success, the contribution to 
long-term population growth was less certain. Age-specific survival rates have been well studied 
in just a few species and reveal a pattern of low chick survival (often <0.10 for some species, but 
highly variable), moderate juvenile survival (0.20 to 0.50 for most species), and relatively high 
adult survival (0.60 to 0.80 for most species). No strong patterns appear to exist between clutch 
size and either nest survival or adult annual survival. Detailed population models exist for a few 
species of plover, providing a valuable conservation planning tool. Future population-level work 
on plovers should emphasize studies of age-specific annual survival (chicks, juveniles, and 
adults) and development of population models to address management and conservation 
concerns. 
Key Words: age at maturity, breeding, Charadriidae, clutch size, nest survival, plover, 
population biology, population model, survival 
 
Population biology is the study of vital rates with a focus on factors that affect population growth 
and decline; it forms a basis for many conservation actions. Key vital rates include survival (and 
3 
 
its complement, mortality), components of fecundity, and immigration and emigration, plus key 
drivers such as sex ratio and age structure (Cole 1957). Survival is broadly defined and often 
emphasizes one of the many components (nest, chick, adult, etc.) of an individual’s life. Many 
questions center on the effect of limiting factors (e.g., competition, predation, weather patterns, 
etc.) on vital rates and, ultimately, population growth. Vital rates are often integrated with 
estimates of population size in a variety of population models that are designed to estimate the 
rate of population change, lambda (λ). The analysis of animal populations has a long history and 
there are many good resources on the topic (e.g., Seber 1982, Williams et al. 2002, Dinsmore and 
Johnson 2012). 
 Evans and Pienkowski (1984) provided the first comprehensive review of the population 
biology of shorebirds. Subsequently, some species have been particularly well studied, including 
the Eurasian Oystercatcher (Haematopus ostralegus; van de Pol et al. 2010), Black-tailed Godwit 
(Limosa; Groen et al. 2012, Kentie et al. 2015), and Red Knot (Calidris canutus; McGowan 
2015, Bijleveld et al. 2016). For plovers, details from a small percentage of species contribute to 
generalizations of demographic patterns within this group. Studying the population biology of 
shorebirds has its own set of challenges, beyond those common to other birds. Sandercock 
(2003) summarized approaches to estimating survival in shorebirds using capture-recapture 
techniques. In particular, he noted the difficulty in interpreting return rates, which were 
commonly reported in early shorebird studies, and the more recent shift to using mark-recapture 
models for estimating apparent survival when capture probabilities are <1.0. Despite these 
challenges, studies addressing population biology in shorebirds are receiving greater attention 
and our knowledge in this area has grown considerably in the last decade. 
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 As a group, plovers are better studied than many other shorebird groups, although there are 
still significant information gaps (Colwell 2010). Collectively, >75% of published studies on 
population biology in this group have focused on just four species: Kentish, Snowy, Piping, and 
Mountain plovers. At the other extreme, more than half the species are represented by at most a 
single study investigating some element of population biology. Thus, our understanding of 
plover population biology is greatly influenced by findings from just a handful of species, most 
of which breed only in North America. In this chapter, I summarize what is known about plover 
population biology, focusing on studies of vital rates (nest survival, age-specific annual survival, 
immigration, and emigration) and population models that integrate information to better 
understand population change (e.g.,  Population Viability Analyses). I finish by highlighting gaps 
in information that, when filled, should improve conservation efforts. 
COMPONENTS OF POPULATION BIOLOGY 
  Basic needs in population biology are to estimate vital rates for a population, and to 
understand how these rates are affected by individual attributes, the surrounding habitat, 
competition, density dependence, and other environmental factors. Once these vital rates are 
estimated they can be integrated into population models to gain a more holistic understanding of 
population status. The information presented here is organized by vital rate followed by an 
overview of population models in the context of conservation. I have summarized the key vital 
rates by species (Table 10.1) and provide a summary of key causal factors and patterns below. 
Clutch Size 
 The number of eggs in a clutch plays an important role in fecundity and, ultimately, 
population growth. This information is covered in detail elsewhere (Chapter 6, this volume), so 
only the key points that relate explicitly to demography are mentioned here. Shorebirds have a 
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determinate clutch that consists of 2-4 eggs; clutch size is rarely outside this narrow range (Table 
10.1; Chapter 5, this volume). Many species are capable of just a single successful nesting 
attempt per year, but will renest if a clutch is lost early in incubation (Chapter 5, this volume). 
The combined effects of clutch size and number of nesting attempts, as well as information about 
the mating system (see next section), provide a baseline for productivity potential that is 
mediated by survival at each stage. 
Nest Survival 
 Understanding the success of a nesting attempt is one of the most frequently studied aspects 
of plover biology. From a population perspective, the success of nesting attempts is a key 
demographic rate that ultimately informs estimates of productivity and population growth 
(Sandercock 2003). Information about the success of nesting attempts is vital because plovers 
have small clutch sizes. Most species breeding in temperate regions have a clearly defined 
nesting season whereas those nesting in tropical environments may be capable of year-round 
nesting (Chapter 5, this volume). The length of the nesting season can be quite variable, e.g., 
Collared Plovers in Brazil nest in an 8-month period between May and December (Efe et al. 
2001) while the Mountain Plover nests in a 3-month period between April and July (Knopf and 
Wunder 2006). Another important consideration is the variation in mating systems found in 
plovers (Chapter 4, this volume). For example, there might be differences between species in 
terms of uniparental versus biparental care, or between male- and female-attended nests as in the 
Mountain Plover (Dinsmore et al. 2002). Here, I cover the survival of plover nests in detail; 
productivity is covered elsewhere (Chapter 5, this volume). 
 Most studies of nest survival aim to estimate the probability that a nest will be successful, 
usually defined as nests where ≥1 egg hatches (Mayfield 1961, 1975, Dinsmore et al. 2002). 
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Many studies use the term “nest success,” which is probably synonymous with nest survival (see 
Dinsmore et al. 2002) because most plovers are single-brooded. Other terms such as hatching 
success are sometimes used, although this term typically refers to the proportion of eggs that 
hatch and not the overall outcome of a nesting attempt (Dinsmore et al. 2002). Methods to 
estimate nest survival vary. The simplest approach is to use the proportion of a sample of nests 
that were successful, often called apparent nest success (Mayfield 1961). Such estimates tend to 
be biased high because they fail to account for nest losses prior to nest discovery (Mayfield 
1961); consequently, Mayfield estimators or more recently developed likelihood-based models 
(e.g., Dinsmore et al. 2002, Rotella et al. 2004, Shaffer 2004, Shaffer and Thompson 2007) have 
been used increasingly often to estimate the daily nest survival rate. In any case, I have attempted 
to use the best estimates whenever possible (e.g., a daily survival rate from a formal nest survival 
analysis; Table 10.1). 
 Nest survival may be the easiest population parameter to estimate because plover nests are 
relatively straightforward to find and monitor. The sources of nest loss are many, although most 
can be attributed to predation, abandonment, or weather events (see Chapter 6, this volume, for 
details on predation). A thorough examination of published studies with information on nest 
losses revealed that, across all species, >50% of nest losses could be attributed to predation 
(Chapter 6, this volume). In most species, the primary predators were mammals, followed 
closely by other birds (pers. obs.). In several studies, the primary avian predators were members 
of the Corvidae (Lloyd and Plagányi 2002, Colwell et al. 2011, DeRose-Wilson et al. 2013, 
Pearson et al. 2016). Nest abandonment was also frequent and resulted from human disturbance, 
adult death, and other causes. One of the challenges when estimating nest survival probabilities 
is how to treat abandoned nests. Some nest abandonment happens naturally and should be 
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reflected in the estimates whereas losses caused by researchers’ activities should be discarded 
from analyses. 
 Considerable effort has been devoted to understanding how environmental effects, habitat, 
characteristics of the tending adult(s), and other factors affect nest survival in plovers. The 
effects of nest age are often included in models because nests can be aged by the use of field 
techniques such as egg flotation (Mabee et al. 2006). For most species, survival increases as the 
nest ages (Claassen et al. 2014), although there are exceptions where survival is not related to 
nest age (Toral and Figuerola 2012) or where it declines with age (DeRose-Wilson et al. 2013). 
This pattern of nest survival increasing with nest age presumably results because of the early loss 
of nests that are placed in vulnerable locations. Daily and seasonal patterns in nest survival have 
been well documented in some studies (Dinsmore et al. 2002, Brown and Brindock 2011, Toral 
and Figuerola 2012) and are often shown to respond to changing weather or habitat conditions or 
changes in predator pressure. Many studies have examined the influence of habitat attributes on 
nest survival at varying spatial scales. Not surprisingly, nest survival is often positively 
correlated with sparse vegetation and more open habitats within this group (Yasué and Dearden 
2006, DeRose-Wilson et al. 2013). Claassen et al. (2014) found that nest survival increased with 
male age in the Piping Plover. Anthropogenic effects on nest survival have received some 
attention, especially for a few species. This is an important topic because we can often manage 
human access to plover nests with nesting area closures or fewer visits to nests for monitoring 
efforts. Lloyd and Plagányi (2002) demonstrated that observer visits to nests can lower daily 
survival and this has implications for future studies that involve nest checks. Schneider and 
McWilliams (2007) used small data-loggers to monitor nests and demonstrated that the devices 
did not affect hatching success or predation rates, suggesting that use of such loggers might be 
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useful for future studies where reducing nest disturbance is a priority. Human disturbance often 
results in negative effects during the nesting season as documented for Malay Plover (Yasué and 
Dearden 2006), Piping Plover (Cohen et al. 2009), Snowy Plover (Lafferty et al. 2006), and 
Hooded Plover (Weston et al. 2011). However, equivocal findings for the Wilson’s Plover 
(DeRose-Wilson et al. 2015) and White-fronted Plover (Baudains and Lloyd 2007) indicate the 
complexity of behavioral responses by nesting plovers to human disturbance. The effects of 
human-created habitat on multiple demographic responses has been studied in the Piping Plover 
(Cohen et al. 2009, Catlin et al. 2015). Intrinsic factors should not be ignored in this discussion 
and factors such as the quality of adults (Catlin et al. 2014) or eggs (Skrade and Dinsmore 2013) 
may also play a role in the success of a nesting attempt. 
 One general technique that has been used to improve plover nest survival is predator 
management, either by direct removal of predators or the use of exclosures or other deterrents 
(see Chapter 6, this volume). Predator exclosures have been used to enhance the nesting success 
of several species of plovers and has been a common practice with endangered ground-nesting 
birds (Mabee and Estelle 2000, Maslo and Lockwood 2009). Exclosures have been frequently 
used with Snowy Plovers in the western US (Neuman et al. 2004, Hardy and Colwell 2008, 
Dinsmore et al. 2014), but also in the St. Helena Plover (Burns et al. 2013), Hooded Plover 
(Maguire et al. 2011), and Piping Plover (Cohen et al. 2009, Barber et al. 2010). In general, 
predator exclosures are effective at increasing the number of eggs hatched, but their effect on 
recruitment is less well understood (Neuman et al. 2004). One serious drawback of exclosures is 
that they can increase mortality rates of the attending adults (Hardy and Colwell 2008, Barber et 
al. 2010, Burns et al. 2013, Pearson et al. 2016); this is especially problematic because adult 
survival is arguably the most important component of population growth in long-lived birds such 
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as plovers (Dinsmore et al. 2010). Watts et al. (2012) predicted that exclosures would have a net 
negative effect on a population of Snowy Plovers if adult survival were reduced to 90% of the 
rate without exclosures. Similarly, Calvert and Taylor (2011) found that the benefit of exclosures 
for increasing chick production at best compensated for a corresponding increase in adult 
mortality. The use of shelters to protect chicks was studied in the Hooded Plover and shown to 
increase fledging probability by more than 70% (Maguire et al. 2011). A pattern that emerges is 
that exclosures can improve nesting success in plovers, but that more work is needed to fully 
assess whether this translates into increased recruitment and enhanced population growth. 
 Few studies have examined the role of conspecifics or other bird species on plover nest 
survival. Que et al. (2015) found evidence for density-dependent nest survival in the Kentish 
Plover, a semi-colonial breeder, such that nests located along colony edges had lower survival 
than those in the center of the colony. Mayer and Ryan (1991) used artificial nests to test the 
prediction that Piping Plover nests within American Avocet colonies would have greater survival 
probabilities because of the mobbing behavior of avocets to deter predators; this hypothesis was 
not supported in their study. Semipalmated Plovers nesting in Arctic Tern (Sterna paradisaea) 
benefited from aggressive nest predator protection by the terns (Nguyen et al. 2006). 
 Snowy, Piping, and Mountain plovers have been the subject of considerable study with 
respect to nest survival. Below, I provide a short summary of the relevant work for each species 
as a means of illustrating the similarities and differences. 
Snowy Plover 
 The Snowy Plover has been well studied with respect to nest survival patterns, especially in 
the western U.S. although fewer published works are from populations in the Great Plains and 
Gulf Coast regions. Colwell et al. (2005) found higher nesting success in riverine habitats when 
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compared to sandy beaches, presumably because river bars contained lower quality substrate for 
camouflaging the eggs. Colwell et al. (2011) then documented the role of egg crypsis by showing 
that nest survival was highest in less heterogeneous substrates with a greater number of egg-sized 
stones. Hood and Dinsmore (2007) found that the survival of plover nests along the Texas Gulf 
Coast increased with nest age and the presence of a conspicuous object at the nest site; nests 
along the immediate coast survived better than those a short distance inland. A study at inland 
saline lakes in Texas estimated nest success at 22% and found it was negatively influenced by 
the number of plants and positively influenced by the amount of surface water in close proximity 
(Saalfield et al. 2011). This study also noted a 31% decline in nest success when compared to the 
previous decade of work in this area. A long-term study in coastal Oregon found that Snowy 
Plovers responded positively to habitat management, nest exclosures, and lethal predator control 
(Dinsmore et al. 2014). Reproductive success is also linked to dispersal patterns. Stenzel et al. 
(1994) documented long-distance dispersal along the Pacific Coast (up to 1140 km), found that it 
was unrelated to breeding success, noted that dispersal patterns of males and females differed, 
and concluded that there was no relationship between site fidelity and nesting success. In coastal 
California, both sexes dispersed farther when switching mates or when following a nest failure; 
dispersal distances ranged from 0.9 to 13.0 km (Pearson and Colwell 2013). 
Piping Plover 
 Unlike other species, some information is available from each of the major subpopulations of 
Piping Plover, including those inhabiting the Atlantic Coast, Great Lakes, and northern Great 
Plains. A study in New York found that nest survival benefited from predator control and nest 
exclosures, and was greater in a newly-established site that was adjacent to a beach with 
considerable human development than at an existing site with a long history of plover use 
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(Cohen et al. 2009). In the Great Lakes population, with fewer than 100 pairs (Saunders and 
Cuthbert 2015), nest success was 45% during a 22-year period (Barber et al. 2010), with a large 
difference between exclosed (65%) and not exclosed nests (34%). Another study, making use of 
many of the same nests over an 18-year period estimated that nest survival for the 28-day 
incubation period was 0.70 (Claassen et al. 2014). Several studies of nest survival have been 
conducted for plover populations in the Great Plains. Nest survival in this region appears lower 
with estimates of 0.08 to 0.35 for a 4-year study in North Dakota (Anteau et al. 2012), 0.75 to 
0.88 in Saskatchewan (Harris et al. 2005), and 0.47 on natural sandbars and 0.66 on man-made 
sandbars (Catlin et al. 2011). 
Mountain Plover 
 Nest survival patterns in the Mountain Plover have been particularly well studied. Nest 
success averaged about 50% rangewide, although it varied between sites and years. Hatching 
success was 26 to 37% in Weld County, Colorado (Knopf and Rupert 1996), 50% across eastern 
Colorado (Mettenbrink et al. 2006), 58% in Phillips County, Montana (Dinsmore et al. 2002), 
64% in Wyoming (Plumb et al. 2005), and 47% on black-tailed prairie-dog (Cynomys 
ludovicianus) colonies treated with deltamethrin (used to control plague) and 66% on control 
colonies in Phillips County, Montana (Dinsmore 2013). Dinsmore et al. (2002) found that male-
tended nests had greater survival than nests tended by females, and that daily nest survival 
increased as nests aged and was negatively influenced by daily precipitation. Treatments of the 
chemical deltamethrin on prairie dog burrows had a strong negative effect on nest survival, 
presumably because of a reduction in food supply for the parents (Dinsmore 2013). Dreitz et al. 
(2012) found that nest survival was positively correlated with drought conditions and cooler 
temperatures in Colorado. Nest survival is higher on prairie dog colonies compared to managed 
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burns (Augustine and Skagen 2014), a further hint at the importance of habitat and disturbance to 
vegetation in this species. Plovers prefer open areas for nesting, but distance to anthropogenic 
edges was not correlated with nest success (Mettenbrink et al. 2006). Dreitz and Knopf (2007) 
documented the causes of nest mortality in Colorado, where nests on rangeland were mostly 
depredated while those in agricultural fields failed owing to farming practices such as tilling. The 
influence of nest survival on population growth rate in this species is less certain, with one study 
suggesting a positive effect related to nest protection strategies (Post van der Burg and Tyre 
2011), whereas another study found that possible benefits were swamped by a negative influence 
of adult survival (Dinsmore et al. 2010). 
 These three species provide interesting contrasts with respect to nest survival patterns. There 
does not appear to be any pattern in nest survival as a function of clutch size or migratory 
strategy (all three are mid-distance Northern Hemisphere migrants; see Chapter 7, this volume). 
Nest survival estimates were variable for each species, although on average it appears that a nest 
of any of the three species has an ~50% chance of producing chicks. Exclosures and predator 
control have been used with the two listed species (Snowy and Piping plovers) and have 
increased hatching success, but contributions to population growth have not been well 
documented. Studies that examined habitat at the nest site found correlates with nest survival that 
are consistent with the habitat preferences of the species. Piping Plover use of constructed 
nesting habitat and the consequences of the unique mating system of the Mountain Plover on 
nest survival are perhaps the most novel contributions of these studies. 
Chick Survival 
 Fewer studies have been conducted on the survival of plover chicks during the period from 
hatching to fledging than for nest survival. Such studies are more difficult in practice because 
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broods are mobile and chicks must be marked immediately at hatching using color bands or radio 
telemetry. Brood checks must be frequent (often every 1-2 days) because mortality during this 
life history stage is high and often occurs during the first week post-hatch. Technological 
advances leading to smaller tracking devices have helped, but they are still expensive (>$100 
each) and moderate numbers of individuals must be marked and tracked to get meaningful 
estimates of chick survival. 
 Detailed studies of chick survival have been conducted on just six species. For many, the 
mortality curve confirms that most deaths happen soon after hatching, often within the first 
week, presumably because young chicks are less mobile and are more vulnerable to predators. 
Species for which studies that found high mortality during the early chick stage included Shore 
Plover (50% in the first 10 days; Davis 1994a), Snowy Plover (Warriner et al. 1986, Colwell et al 
2007, Dinsmore et al. 2017), Piping Plover (Loegering and Fraser 1995), and Mountain Plover 
(Dinsmore and Knopf 2005). Amat et al. (2001) found that egg mass and chick mass at hatching 
were positively correlated in the Kentish Plover, and that heavier chicks survived better and were 
more likely to recruit into the population. Dreitz (2009) investigated survival patterns in 
Mountain Plover chicks in response to habitat type and found that survival was greatest on 
prairie dog colonies and lowest on agricultural land and grasslands. DeRose-Wilson et al. (2013) 
found that Wilson’s Plover chick survival was weakly correlated with hatch date and did not 
vary seasonally. Catlin et al. (2011) found that removal of Great Horned Owls (Bubo 
virginianus), a major predator of Piping Plover chicks, increased daily chick survival, but the 
effect decreased as chicks aged. In Great Lakes Piping Plovers, first-year survival was positively 
correlated with earlier hatching date, older age at banding, greater number of fledglings at the 
site, and better body condition at banding (Saunders et al. 2014). Saunders and Cuthbert (2015) 
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found evidence for sex-biased chick survival in Piping Plovers; higher male survival was 
responsible for a skewed sex ratio in this species. Sandercock et al. (2005) found similar 
evidence for sex bias in the Kentish Plover. Human disturbance can also affect chick survival, as 
documented in the Snowy Plover in California (Ruhlen et al. 2003). See Chapter 4, this volume, 
for a detailed discussion of plover breeding systems. 
 Published chick survival rates in plovers are highly variable (Table 10.1). The probability of 
surviving the fledgling stage (4-6 weeks in most plover species) ranged from <0.10 in several 
species to as high as 0.80 in the Snowy Plover (Colwell et al. 2007) and 0.74 in the Wilson’s 
Plover (DeRose-Wilson et al. 2013). Dinsmore et al. (2017) illustrated that chick survival 
estimates in a Snowy Plover population differed depending on the analysis used; they suggested 
that care must be taken when considering assumptions such as the detectability of chicks in 
broods. The method developed by Lukacs et al. (2004) can be used to estimate chick survival 
when only the adult is marked, which is advantageous because transmitters that may affect 
survival do not need to be placed on chicks. Some literature on Piping Plovers is confusing 
because a common metric of monitoring programs for this federally listed species is the fledging 
rate expressed as number of young per breeding pair per season, leading some authors to fail to 
report the actual chick survival rates. Nonetheless, a paucity of information about chick survival 
patterns in many plovers suggests that this stage should be a focus of further research within this 
group. 
Probability of Breeding 
 The age of first reproduction, which can also be summarized as an age-specific probability of 
breeding, is an important characteristic of any population. In birds, age often explains much of 
the variation in reproductive success between individuals; success often increases during early 
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age to a peak in middle age, followed by senescence (Forslund and Pӓrt 1995). Thus, some 
individuals may choose to delay their first reproductive attempt. Much of the published literature 
on this topic for plovers consists of generalizations about the typical age of first reproduction; 
few studies have developed a probabilistic model of breeding by age. Saunders et al. (2014) 
developed such a model for Great Lakes Piping Plovers and found a strong sex bias in the 
probability of breeding at age one (0.56 for females and 0.35 for males), and that almost all 
individuals bred by age three. Age of first reproduction has not been explicitly studied in most 
plover species. Most references to this topic indicate that individuals often breed at age one, 
although there is undoubtedly some variation in timing. Nol et al. (2010) noted that the 
Semipalmated Plover first breeds at age two or three (rarely at age one) and in the Mountain 
Plover some individuals may delay breeding until age two while others breed at age one (pers. 
obs.). 
Annual Age-Specific Survival 
 Many studies of age-specific survival include two age classes (juveniles and adults) and 
estimate survival on an annual basis. Like dependent chicks, survival has been monitored with 
both color-banding studies and radio telemetry, the latter mostly used for studies of seasonal 
(rather than annual) survival. Importantly, color-banding studies allow estimates of apparent 
survival, a product of true survival and site fidelity; thus, apparent survival is biased low with 
respect to true survival (Cormack 1964, Pollock 1982). Often, the timing of marking chicks after 
hatching precludes estimating chick survival to independence, but will allow survival to be 
estimated from marking to one year of age; this is juvenile survival. Because young birds are 
marked at different ages (some right after hatch versus some just before fledging) juvenile 
survival rates within and between species are difficult to compare directly. For example, a study 
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using information only from individuals marked right after hatching would produce lower 
estimates of juvenile survival than a study of the same species where the same birds were marked 
immediately prior to fledging, simply because of high chick mortality rates immediately post-
hatch. 
 Few estimates of juvenile survival are available for plovers. Published estimates exist for 
seven species (Table 10.1). As expected, estimates of juvenile survival in this group were highly 
variable and often fall between estimates of chick and adult survival. The time period for these 
estimates is inconsistent, although most are for the approximately 11-month period from fledging 
to first birthday. For many studies, the estimates often range from 0.20 to 0.50. No study has 
documented a strong effect of sex on juvenile survival, although it has been investigated in only 
a few species. In the Mountain Plover, body mass was positively correlated with juvenile 
survival, presumably because body mass was also correlated with chick age (Dinsmore et al. 
2003, Dinsmore 2008). Many studies also noted that estimates of juvenile survival may be biased 
low because of dispersal and permanent emigration of this age class, providing further 
justification for the use of open population models at large geographic scales to estimate this 
parameter. 
 A greater number of studies have estimated adult survival. Estimates of adult annual survival 
exist for eleven plovers and for most they range from 0.60 to 0.80 (Table 10.1). Notable 
exceptions are three Southern Hemisphere species (Red-breasted Dotterel, White-fronted Plover, 
and Wrybill), all of which have adult survival estimates ≥0.80, peaking at 0.93 in the long-lived 
Red-breasted Dotterel (Marchant and Higgins 1993).  These species are non-migratory or short-
distance migrants, suggesting a trade-off between migration and survival is present (or site 
fidelity; see Chapter 7, this volume). In single studies of Kentish and Common Ringed plovers 
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the estimated adult annual survival rate was <0.60, comprising the lowest estimates within the 
group (Table 10.1). In the well-studied Snowy and Piping plovers, adult survival rates from 
many studies seem to be consistent at ~0.70. 
 Many studies have investigated the factors affecting adult survival. The most common 
question dealt with possible differences between males and females (see Chapter 4). Sex 
differences in adult survival have been found in Kentish (Foppen et al. 2006), Snowy (Mullin et 
al. 2010, Stenzel et al. 2011, Colwell et al. 2013), Piping (Saunders et al. 2014), and White-
fronted (Lloyd 2008) plovers. In Kentish and White-fronted plovers, the survival of females was 
greater than survival of males; the opposite was true for the other two species. In the Mountain 
Plover there is a suggestion that males may have greater annual survival than females (Dinsmore 
2008). In addition to sex, several studies have investigated the influence of other factors on adult 
survival. Dinsmore et al. (2003) found no effect of the extent of breeding habitat (prairie dog 
colonies) on the adult survival of Mountain Plovers. Dinsmore (2008) found that annual survival 
in adult Mountain Plovers was positively correlated with drought conditions, consistent with a 
similar correlation with nest survival in this species. Adult survival did not differ for Piping 
Plovers nesting in engineered and natural habitats in the U.S. Great Plains (Catlin et al. 2015). 
Annual survival of Snowy Plovers was positively affected by current or cumulative reproductive 
effort, which is contrary to predicted trade-offs between survival and reproduction (Colwell et al. 
2013). Annual variation in adult survival was found in some long-term studies (Dinsmore 2008, 
Stenzel et al. 2011), but not in others, suggesting that this is not a consistent pattern or that too 
few studies have been conducted long enough to detect such patterns.  
 Little work has been done on non-breeding season survival in plovers. Drake et al. (2001) 
studied the non-breeding survival of 49 Piping Plovers in Texas between August and April and 
18 
 
documented no mortality among radio-marked individuals, suggesting that the non-breeding 
portion of the annual cycle was not contributing to population declines. In the Mountain Plover, 
breeding season survival in Colorado was 1.0 (Miller and Knopf 1993) whereas overwinter 
survival in California was 0.947 (1 November to 15 March; Knopf and Rupert 1995). Roche et 
al. (2010) suggested that wintering ground differences might explain annual variation in Piping 
Plover survival, but they did not directly measure over-winter survival. 
Summary of Limiting Factors on Survival 
 Patterns of plover survival (nest, chick, juvenile, and adult) are thus linked to several limiting 
factors, some of which can be addressed through specific management actions. On the basis of 
the information reviewed here, human disturbance, predation, and the extent of suitable breeding 
habitat emerge as important limiting factors. Human disturbance has  pervasive negative effects 
on all vital rates (see Chapter 11), but especially nest survival where it can result in a direct loss 
of the nest or have an indirect effect by altering adult behavior and making the nest more 
vulnerable to predation. Predation is also a factor at all life history stages although it is probably 
most important at the nest (losses average ~0.43 across all species) and chick stages (losses 
average ~0.37 across all species; see Chapter 6, this volume). Adult plovers generally have 
moderate to high (0.70 to 0.90) annual survival and predation is not known to be a major 
influence. The extent of nesting habitat is the third primary limiting factor with examples 
affecting the chick and adult life history stages (see Chapter 5, this volume). Many studies note 
that nest survival is correlated with sparse to no vegetation; our understanding of habitat 
influences on chick or adult survival is limited to just a couple of well-studied species. Habitat 
use during migration or in the non-breeding season has not been identified as a limiting factor for 
any plover species. Studds et al. (2017) estimated a 6% annual decline in Lesser Sand-plovers 
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using the Yellow Sea in China as a stopover site during a 20-year period, a trend that was 
attributed to the loss of mudflat habitat. However, migratory species depend upon one or more 
sites (habitats), each with precisely timed resources, to complete their annual cycle (see Chapter 
7, this volume). The conservation of many plover species may depend upon our ability to 
manage these limitations, which can be accomplished using such diverse tools as habitat 
restoration/creation or predator control. Weather is most often identified as a limiting factor on 
nest survival with many studies hinting at the negative effects of too much precipitation or 
extremely hot temperatures. Abnormal weather patterns have been identified as a limiting factor 
on adult survival in two species (cold winters for the Snowy Plover [Eberhart-Phillips et al. 
2016] and non-drought years for the Mountain Plover [Dinsmore 2008]). Other limiting factors 
such as disease or competition have not been identified as influencing demographic processes in 
plovers, although this is certainly an area where further work is needed. 
Longevity 
 Longevity, or maximum life span, is a way to represent the consequences of the estimates of 
survival at each life history stage. A simple method to calculate a mean expected life span uses 
an estimate of annual survival (Lifespan 
 ∅
 where ∅ is the estimated annual survival rate; 
Brownie et al. 1985). Longevity, on the other hand, is documented as a consequence of having a 
population that is marked and well monitored. Estimates of longevity are often positively 
correlated with the length of a study and the number of individuals banded. I found reliable 
longevity estimates for 12 species of plover, although in at least one species (Wilson’s Plover) 
the lack of a long-term banding study means that longevity is probably underestimated. As a 
group, plovers appear to be relatively long-lived, although this conclusion is based on findings 
from only the best-studied species. The longevity estimates reveal a maximum life expectancy of 
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about 12-17 years for most species (Table 10.2). Less has been published about population-
specific age distributions, although there are two examples for the group. In a New Zealand 
population of Wrybill, there were 165 individuals that reached at least 12 years of age (A. 
Riegen, pers. comm.). In a well-studied population of the Mountain Plover, the known age 
distribution from individuals marked as chicks revealed that just seven individuals (0.4% of 
total) reached 10 years of age (pers. obs.). Herman and Colwell (2015) documented a highly 
skewed pattern of lifetime reproductive success in a well-studied Snowy Plover population, in 
which 13% of individuals produced half of all fledglings. A few studies have used estimates of 
survival rates to estimate mean lifespan, as for adult Snowy Plovers in Utah (2.7 years; Paton 
1994) and Mountain Plovers at initial capture in Montana (1.92 years; Dinsmore et al. 2003). 
Immigration and Emigration 
 The dynamics of a population fluctuate in response to many changes that include the 
consequences of reproduction (births), losses due to deaths (the complement of survival), and 
physical movements of individuals that results from immigration and emigration. Immigration 
and emigration are often hard to estimate because they (1) occur infrequently, or (2) encompass 
great distances that make it difficult to relocate dispersers. It is also worth noting that both 
movements can be permanent, such as the permanent emigration of a juvenile plover to a 
population different from where it hatched, or temporary, when an individual moves between 
populations annually. Unfortunately, the study of immigration and emigration has received 
almost no attention in the plovers. Catlin et al. (2016) used multi-state models to examine 
movements in Great Plains Piping Plovers and found that juveniles were more likely to disperse 
than adults, and that emigration and immigration rates dropped with increasing distance between 
populations and were further affected by environmental conditions (river flows and habitat 
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creation). Colwell et al. (2017a) documented the role of immigration in maintaining a population 
of Snowy Plovers, noting that >60% of the breeding adults were immigrants. Hillman et al. 
(2012) documented the first interpopulation dispersal event for the Piping Plover that resulted in 
successful breeding, when an individual originating in the Great Lakes population emigrated to 
the Atlantic Coast population. Population genetic studies can also be used to infer rates of 
immigration and emigration, as in a study of the Mountain Plover where inferred gene flow 
resulted in a lack of genetic differentiation across the breeding range (Oyler-McCance et al. 
2005). As these few examples suggest, estimates of population-level rates of emigration and 
immigration are needed for most plovers, yet they provide information that is critical to fully 
understanding plover population dynamics. 
Population Models 
 A population model is typically used to assess past and future population growth, and can be 
accomplished using multiple approaches. In some cases, actual population counts may be 
available, from which the rate of population change (λ) can be estimated as a ratio of counts. A 
different approach is to use age-specific estimates of survival and fecundity to make predictions 
about the rate of population growth. From either approach, inferences are made by comparing the 
actual estimate of lambda to a scenario where the population is stable (λ = 1.0).  
 Demographic models require detailed information about the population of interest, and there 
are examples from just a few species of plover. Some are simple estimates of population change 
during a specified time period whereas others use a model-based approach to estimate trends. 
McCulloch and Norris (2001) used surveys to estimate a 21% decline in the St. Helena Plover 
during a 10-year period. Several studies of local segments of the Pacific Coast Snowy Plovers 
have documented long-term population declines (Mullin et al. 2010, Colwell et al. 2010), which 
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provided an incentive to more fully assess population status. Nur et al. (1999) developed a 
detailed population viability analysis (PVA) that evaluated how changes in demographic rates 
affected population growth; this model is integral to the species’ recovery plan (U.S. Fish and 
Wildlife Service 2007). Mullin et al. (2010) used multiple approaches to assess the stability of a 
northern California population and concluded it was a sink that was maintained largely by 
immigration from surrounding regions. Eberhart-Phillips et al. (2014) modeled the viability of 
this same population and confirmed that it was a sink being maintained by immigrants, that local 
management actions should emphasize increasing productivity (via managing predators and 
humans without the use of nest exclosures), and that cold winter weather was an important 
limiting factor. Last, Colwell et al. (2017a) used 16 years of data from the same population and 
noted that the population is composed of ~63% immigrants, it is a demographic sink, and that 
local management efforts alone are insufficient to grow the population. The examples with the 
Snowy Plover illustrate both the complexity and usefulness of detailed population models and 
demonstrate how they can inform future management decisions. 
 In other species, sophisticated models have been used to integrate vital rates and population 
estimates to make predictions about growth. Population trends of the federally endangered 
Piping Plover have received considerable attention in North America. Larson et al. (2002) 
modeled growth rates in the Great Plains population and suggested that declines of 4.3% per year 
could be expected under existing management plans; management actions to increase 
reproductive success were needed to stabilize or increase this population. Larson et al. (2002) 
concluded that a rangewide fledging rate of 1.10 fledglings per pair was needed to stabilize the 
population. Wemmer et al. (2001) developed a habitat-based model for the Great Lakes 
population and concluded that measures focused only on increasing productivity were unlikely to 
23 
 
be successful; more nesting sites are necessary, and the model was most sensitive to changes in 
adult survival. Catlin et al. (2015) concluded that a fledging rate of 1.25 chicks per pair was 
needed for population stability in the Great Plains. Catlin et al. (2016), also working in the Great 
Plains, concluded that population persistence was enhanced by the presence of anthropogenically 
created habitats that were an important and consistent source of nesting sites and dispersing 
individuals. For the Atlantic Coast population, abundance of Piping Plovers increased 
substantially between 1989 and 2006 (λ = 1.83), despite the appearance of a decline in survival 
rates with increasing latitude (Hecht and Melvin 2009). In eastern Canada, Calvert et al. (2006) 
estimated that stochastic population growth rates were <1.0 and most affected by low juvenile 
survival, although they noted that there was considerable uncertainty in the growth rate 
estimates. In prairie Canada, Cohen and Gratto-Trevor (2011) estimated that a fledging rate of 
0.75 chicks per pair was needed to maintain a stable population. 
 In the Mountain Plover, population trends have been assessed locally and rangewide. 
Dinsmore et al. (2005) monitored a local population for 6 years and found that recruitment rates 
and rate of population change were correlated with changes in the amount of prairie dog habitat; 
the population initially declined but then stabilized during this period. Dinsmore et al. (2010) 
used a stage-based matrix model to assess the influence of vital rates (clutch size, hatching 
success, nest survival, and chick, juvenile, and adult survival) on the rate of population change at 
three key breeding sites. They found that lambda was most influenced by adult survival, which is 
consistent with life history theory for a long-lived bird that lays two clutches of three eggs in 
rapid succession. Estimates of lambda were >1.0 at all three sites, although there was variation in 
age-specific fecundity between the sites. Dreitz et al. (2006) discussed the feasibility of using an 
occupancy-abundance (N-mixture) model as a monitoring tool and noted its usefulness at 
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providing insight into population patterning among, for example, different habitat types such as 
those occurring on prairie dog colonies versus those using agricultural fields. 
Demographic Patterns 
 In this chapter I have summarized estimates of multiple demographic parameters related to 
the understanding of plover population biology. Within the group we have a better understanding 
of nest survival than any other vital rate; this has implications for managing limiting factors such 
as predation or human activities. Age-specific survival patterns are less well understood. 
Population models that integrate these vital rates to predict future population growth are lacking 
for nearly all species. Despite the sparseness of information, several patterns emerge. First, three 
Southern Hemisphere plovers (Red-breasted Dotterel, White-fronted Plover, and Wrybill) 
experience high annual survival (adult survival >0.80), consistent with their smaller clutch size. 
The Double-banded Plover, another Southern Hemisphere species, has been poorly studied but 
may also be long-lived. This pattern contrasts with many well-studied Northern Hemisphere 
species in which adult survival rates are lower and generally better estimated. It is telling that 
many long-term studies, involving many thousands of uniquely-marked individuals, have rarely 
documented a Snowy, Piping, or Mountain plover older than 15 years.  
 Conversely, I found differing patterns between clutch size and two vital rates (nest and adult 
survival) in plovers. Modal clutch size ranges from 2 to 4 eggs by species; most have a typical 
clutch of 3 eggs. Using all published information (Table 10.3), and the mean of the estimates 
from studies where a range was reported, I calculated estimates of nest survival and adult 
survival as a function of clutch size (Figure 10.2). Estimates of nest survival were highly 
variable, especially for 3- and 4-egg clutch sizes, and there was no statistical difference between 
mean nest survival estimates of differing clutch sizes (Figure 10.2a). Nest survival seems to 
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increase with increasing clutch size. Thus, nest survival for species with 2-egg clutches may have 
been lowest; this makes evolutionary sense because two of the species with high adult survival 
fall into this group (White-fronted Plover and Wrybill). The relationship between clutch size and 
adult annual survival (Figure 10.2b) was more revealing and suggests that adult survival is 
greatest for species with 2-egg clutches, which is consistent with the pattern noted earlier for nest 
survival. Adult survival for species with 3-and 4-egg clutches did not appear to differ but was 
highly variable within each group. I did not investigate a pattern between clutch size and chick or 
juvenile survival because there were too few estimates to make such an exercise meaningful. 
Population Estimates 
 Population estimates can aid conservation planning at local, regional, and rangewide spatial 
scales by providing a benchmark from which to gauge recovery goals and provide an assessment 
tool for gauging the success of management practices such as predator control or habitat 
restoration aimed at achieving conservation objectives. Population estimates, when combined 
with demographic information, also provide the most comprehensive look at current population 
status. The term “estimate” is used loosely here because of the varied methods that are used to 
count shorebirds. Some are a result of rigorous surveys and include estimates of precision while 
others range from minimum counts to rough estimates based on professional opinion. 
 Considerable variation exists in the estimated size of plover populations (Appendix A). Of 
the 39 species in this list, 26 have “Least Concern” status and population sizes that are known, or 
thought to be, sufficiently “large.” A few species have populations that are thought to exceed 
100,000 individuals. At the other extreme are species whose population status is elevated (2 
Vulnerable, 5 Near Threatened, 1 Endangered, and 1 Critically Endangered; IUCN 2016) and for 
which the estimated population is either small or vulnerable to a key threat. The St. Helena 
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Plover and Shore Plover are the rarest members of this group, with bird populations numbering 
<500. Notably, population estimates are missing for 17 species, almost half the group; some of 
these could be in greater danger than believed but cannot be critically assessed because basic 
population data are unavailable. The distribution of plover population sizes, plotted on a 
logarithmic scale, reveals that known estimates are rather evenly distributed from rare (<1,000 
individuals) to abundant (>100,000 individuals) (Figure 10.1). 
 Detailed population estimates are available for some plover species and span everything from 
local populations to rangewide estimates. Rangewide estimates for most species are summarized 
by several sources (Delaney et al. 2009, IUCN 2016; Appendix A). Rangewide estimates 
aggregate information from local studies and make extrapolations to unsampled portions of a 
species’ range to derive the final estimate. One unique approach was to map habitat suitability 
for the Madagascar Plover and then use known plover densities at specific sites to extrapolate a 
total population estimate (Long et al. 2008). A possible limitation to this approach is that some 
plovers have clumped distributions as semi-colonial species that can result in their absence from 
seemingly “suitable” breeding habitat. Thus, such habitat-based extrapolations are useful but 
may lead to biased population estimates for some species. For many species there are good 
estimates of the size of particular local populations. Some “estimates” are the result of 
coordinated surveys of suitable habitat such as the International Piping Plover Census (Haig and 
Plissner 1993, Haig et al. 2005); more localized efforts include those of Edgar (1969) with Red-
breasted Dotterel. The other general approach to estimating population size is with the use of line 
or transect surveys or from capture-recapture data (Table 10.3). Systematic surveys have an 
added advantage of estimating detection probability and provide a more robust estimate of 
precision from which to calculate confidence limits. An example with Mountain Plovers 
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illustrates some of the advances in estimating population size for shorebirds. Graul and Webster 
(1976) used extrapolation of density from the best habitats to estimate the continental population 
at a minimum of 214,200 individuals. The estimate was obviously biased high because the best 
density estimate was applied to all suitable habitat within the species’ breeding range, which is 
unrealistic in practice. More recent estimates, derived by aggregating rigorous estimates of 
density and abundance at key breeding sites, place the population numbers at 11,000 to 14,000 
individuals (Plumb et al. 2005). The estimates differ by more than an order of magnitude, which 
can be partially explained by population declines in the last several decades but also by 
differences in the estimation technique. 
Conservation Issues 
 As a group, plovers face many conservation challenges that have resulted in elevated concern 
for some species (Appendix A). Biologists have responded to these conservation concerns using 
varied techniques to stabilize or increase populations. Some plans take a hands-on approach such 
as the techniques described earlier to manage predators (see also Chapter 6, this volume). 
Strategies include manipulating or restoring habitat, especially for nesting (Dinsmore et al. 
2014), cross-fostering chicks, or releasing captive-reared individuals, as has been done with 
Piping Plovers (Powell and Cuthbert 1993, Powell et al. 1997) and Shore Plovers (Davis 1994b). 
Translocation of independent young has been tried unsuccessfully in the Mountain Plover 
(Ptacek and Schwilling 1983), and is a strategy that has met with relatively little success in many 
threatened or endangered species (Griffith et al. 1989). 
Future Perspectives 
 In this chapter, I have attempted to highlight what is known about the population biology of 
plovers. The body of work with this group is indeed impressive with >150 published works on 
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this topic, although the bulk of the work has focused on just four species. Thus, there is a need 
for even the most basic demographic work for the majority of plover species. Most research has 
involved studies of nest survival, probably because nests are easier to monitor than other life 
history stages; fewer studies have specifically addressed questions relating to age-specific 
survival (chick, juvenile, or adult). Likewise, it is relatively easy to implement nest protection 
programs, but much harder to protect mobile chicks or increase the survival of juveniles or 
adults. Population models that integrate information from multiple life history stages to make 
predictions about future population change are scarce in this group and should be a priority for 
future research. One promising area is the development of Integrated Population Models (IPM), 
which aggregate demographic data and population counts under a single modeling framework 
(Besbeas et al. 2002). Unfortunately, much of the research on population biology in plovers has 
focused on just a handful of species, and more work is needed on the other species in this group. 
 Three topics should be the focus of future population biology studies: chick/juvenile survival, 
adult survival, and population models. Embedded within each of these topics is a need for basic 
science in addition to studies that provide links to the effects of specific management strategies. 
First, it is apparent from the relatively few published studies that chick/juvenile survival in this 
group is often low, and may be a key life history stage for many species. Thus, rigorous 
estimates of chick/juvenile survival, making use of radio telemetry or individual color bands, are 
needed for many species. Having more information on this topic would also allow future 
comparisons of survival patterns as they relate to differences in clutch size, migratory strategy, 
and other factors of interest. A related need is to better understand adult survival patterns, again 
by making use of radio telemetry or individual color banding studies. Survival studies should 
include relevant covariates such as age (or age class), habitat, body condition, sex, or possibly 
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others to better explain observed patterns. For example, covariates to explain body condition, 
sex, age (or even age class), habitat, or other factors could all contribute to a greater 
understanding of survival patterns in this group. These studies could also include specific 
management actions that are measured in terms of the demographic response such as an increase 
in chick survival to fledge. Last, there is a need to better integrate information about vital rates to 
make predictions about future population trajectories. This is especially important for this group 
because nine of the 39 species are thought to be at risk (Appendix A; IUCN 2016). One final 
point is the need for consistency in the time intervals used to estimate the various survival rates. 
Most estimates of adult survival are on an annual basis, making comparisons between estimates 
straightforward. However, estimates of chick and juvenile survival are sometimes more difficult 
to interpret because the timing of marking (always at hatch, or throughout the pre-fledging stage) 
is not consistent across studies, or in some cases is not specified. 
 In addition to these broad needs there are many other specific questions, often related to a 
single species, that beg for a good answer. The Killdeer is the most widely distributed plover in 
North America, yet almost nothing is known about its population biology except for a single 
study (Powell 1992). Hopefully, someone will start marking individual Killdeer to estimate vital 
rates and monitor their reproductive success to fill information gaps for this common plover. The 
Wrybill, an enigmatic plover endemic to New Zealand, has been the focus of long-term banding 
efforts that have documented a longevity record of 22 years (A. C. Riegen, pers. comm.). 
However, the only published information on adult survival rates (estimated at 0.80 to 0.83 in two 
studies) seem at odds with a known age distribution, and I suspect adult survival rates may 
exceed 0.90. Last, there is a need to fill in the huge geographic gaps in knowledge within this 
group. Species in Europe and North America are generally well studied, although species such as 
30 
 
the Wilson’s Plover and Eurasian Dotterel could benefit from greater attention. There are more 
information gaps with the species inhabiting Africa and Australia/New Zealand, but in each 
region there is at least one well-studied species. In general, almost nothing is known about plover 
species occurring in Asia (7 species) and South America (6 species). Despite these gaps in 
knowledge, much is known about the demography of the plovers, albeit with an emphasis on 
four species. Most are moderately long-lived with low chick/juvenile survival compensated by 
high adult survival. Nest survival increases with increasing clutch size, but annual adult survival 
declines with increasing clutch size. There are no clear patterns between clutch size and chick or 
juvenile survival, largely because of a paucity of estimates of survival for these age classes. 
Several plovers have a small population size or restricted geographic range that raise 
conservation concerns while other species are more numerous and widespread. The variation in 
demographic patterns highlighted in this chapter raises many unanswered questions, but at the 
same time it is what makes this group so fascinating. 
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CASE STUDY: Mountain Plover 
 The Mountain Plover is a patchily distributed shorebird of the North American Great Plains 
(Knopf and Wunder 2006). The species often associates with disturbance in arid grasslands and 
shrublands, especially sites created by herbivores such as the black-tailed prairie dog (Cynomys 
ludovicianus) or domestic cattle and sheep (Knopf and Miller 1994). The species is of 
heightened conservation status throughout much of its range, although listing was denied under 
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the U.S. Endangered Species Act (U. S. Department of the Interior 2002). The Mountain Plover 
also has an unusual mating system where males and females tend separate nests simultaneously 
(Graul 1975, Dinsmore et al. 2002), offering a unique opportunity to study male and female 
investments in reproduction. 
 The northern limit of the breeding range of the Mountain Plover lies in north-central 
Montana, an area of high density prairie-dog colonies in Phillips County (Knowles et al. 1982, 
Olson-Edge and Edge 1987). This ecoregion may also represent one of the most intact natural 
ecosystems inhabited by the plover, in contrast to its use of agricultural fields elsewhere in its 
range (Shackford et al. 1999, Knopf and Wunder 2006). Its population biology has been 
extensively studied in southern Phillips County since the 1980s, making it one of the best studied 
plover species. Within this region, prairie dog numbers fluctuate partly in response to sylvatic 
plague (Yersinia pestis), an introduced flea-born disease that causes >95% mortality in prairie 
dogs; plague-affected colonies lack the continual grazing disturbance necessary to create plover 
nesting habitat (Dinsmore and Smith 2010). The plover selectively uses active black-tailed 
prairie dog colonies (Knowles et al. 1982, Olson-Edge and Edge 1987, Dinsmore et al. 2003), 
especially larger colonies (>50 ha) that are not affected by plague and where annual occupancy 
rates by breeding plovers are approximately 0.75 (Dinsmore and Smith 2010). Birds select nest 
sites on prairie-dog colonies with sparser vegetation and less bare ground than random sites 
within those colonies (Olsen and Edge 1985). Childers (2006) found that shrub and bare ground 
cover within 25 m of nests was positively correlated with nest survival while the habitat 
heterogeneity within this region was negatively correlated with nest survival. Many of these 
habitat attributes disappear when colonies are lost with the onset of plague. Olsen-Edge and 
Edge (1987) estimated a density of 17.5 plovers/100 ha of prairie dog colony habitat using 
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simple colony visit surveys. The density of breeding plovers on these same prairie dog colonies 
was estimated at 7.20 individuals/km2 in 2003-2004, which translates into a breeding population 
of approximately 750 adults (Childers and Dinsmore 2008); the population is thought to be much 
lower today (pers. obs.). Trend analyses document population fluctuations early in the study 
(Dinsmore et al. 2005) and a rangewide analysis revealed that this population was most 
susceptible to declines in adult annual survival (Dinsmore et al. 2010). 
 The demography of the Mountain Plover has been studied extensively in Montana through a 
color-banding study begun in 1995. As part of that study, >1800 nests have been monitored to 
understand nest survival patterns. Nest survival is greater for male-tended nests, presumably 
because males did not lay eggs and were in better body condition (pers. obs.), shows 
considerable seasonal variation, and is negatively affected by rainfall (Dinsmore et al. 2002). On 
average, a nest has a roughly 50% chance of having ≥1 egg hatch. A total of >1900 plovers 
(roughly equal number of juveniles and adults) has been uniquely banded and monitored during 
the study. The annual adult survival rate averages ~0.80 and is positively correlated with drought 
severity, suggesting this is a drought-adapted species (Dinsmore et al. 2003, Dinsmore 2008). 
The juvenile survival rate, from hatch to age 1, is relatively low and has been estimated at 0.06 
with most mortality occurring during the brood-rearing period (Dinsmore and Knopf 2005, 
Dinsmore 2008). The extremely low juvenile survival rate may be partly explained by natal 
dispersal, which probably occurs but has not been estimated. Prairie dog colonies are dynamic 
habitats, and the plovers in this region are mobile and will disperse short distances to breed. 
Skrade and Dinsmore (2010) found that mean dispersal distances were <5 km for both sexes with 
successful breeders being less likely to move in a subsequent year. 
33 
 
 As this example illustrates, the Mountain Plover is a moderately long-lived shorebird that is 
adapted to a terrestrial, herbivore-dominated ecosystem. Breeding pairs have two separate nests, 
thereby increasing nest survival to nearly 50%. Dependent chicks have extremely low survival, 
which is balanced by high survival of adults. This study also clearly illustrates the value of long-
term research with plovers. In this relatively long-lived species, the key vital rates cannot be 
reliably estimated from studies lasting just a few years. Many key vital rates vary temporally and 
long-term studies may allow such patterns to be more easily discerned. This field study provides 
a template for future research to better understand patterns of nest, chick, and annual survival in 
plovers. 
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TABLE 10.1 
Summary of key vital rates for plovers. When multiple estimates were available, the range of values is given. Nest survival estimates 
pertain to the incubation period, usually excluding the egg-laying period. Estimates of adult survival are annual estimates. 
Most estimates of chick survival pertain to the mobile fledgling period, although some estimates may be biased because all 
chicks are not always marked at hatching. Finally, most estimates of juvenile survival pertain to the period from fledging to 
first birthday (a roughly 11-month period), although some estimates cover the time from hatch to first birthday. 
Species Region Clutch 
size 
Nest 
survival
Chick 
survival 
Juvenile 
survival 
Adult survival Source(s) 
      (Male) (Female)  
Red-breasted 
Dotterel 
New Zealand 3    0.93 Marchant and Higgins 
(1993) 
Kittlitz’s Plover South Africa 3 0.423a    Tulp (1998) 
Malay Plover Thailand 3 0.39-
0.61a 
0.51-
0.53 
  Yasué and Dearden 
(2006) 
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Kentish Plover Hungary 3  0.011-
0.655 
  Noszály et al. (1995) 
 China 3 0.575b    Yu and Pei (1996) 
 Spain 3 0.12-
0.54b 
   Amat et al. (1999) 
 Turkey 3  0.08 0.15c 0.59-0.64 Sandercock et al. (2005) 
 Netherlands 3   0.28d 0.65 0.73-
0.91 
Foppen et al. (2006) 
 South Korea 3 0.369a     Hong and Higashi (2008) 
 Abu Dhabi 3 0.217a    Kosztolányi et al. (2009) 
 China 3 0.138a    Lei (2010) 
 Spain 3 0.49-
0.66a 
   Toral and Figuerola 
(2012) 
57 
 
 China 3 0.131a    Que et al. (2015) 
Snowy Plover California, 
USA 
3 0.40-
0.68a 
 0.643d 0.743 Page et al. (1983) 
 California, 
USA 
3 0.58b 0.39, 
0.42 
  Warriner et al. (1986) 
 Utah, USA 3   0.385d 0.578-0.880 Paton (1994) 
 Utah, USA 3 0.054-
0.492a 
   Paton (1995) 
 California, 
USA 
3 0.40-
0.53b 
   Colwell et al. (2005) 
 California, 
USA 
3   0.283-
0.575c 
 Stenzel et al. (2007) 
 Texas, USA 3 0.03-
0.46a 
   Hood and Dinsmore 
(2007) 
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 California, 
USA 
3  0.06-
0.80 
  Colwell et al. (2007) 
 California, 
USA 
3   0.40c 0.61 0.50 Mullin et al. (2010) 
 California, 
USA 
3 0.55a    Colwell et al. (2011) 
 Texas, USA 3 0.07-
0.33a 
   Saalfield et al. (2011) 
 California, 
USA 
3    0.734 0.693 Stenzel et al. (2011) 
 Washington, 
USA 
3 0.25a,e    Pearson et al. (2016) 
 Oregon, USA 3  0.57   Dinsmore et al. (2017) 
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 Washington, 
USA 
3  0.27-
0.67 
  Dinsmore et al. (2017) 
Wilson’s Plover Texas, USA 3 0.58a    Hood and Dinsmore 
(2007) 
 St. Martin 3 0.371b    Brown and Brindock 
(2011) 
 North 
Carolina, 
USA 
3 0.35a 0.74 0.42c 0.77 DeRose-Wilson et al. 
(2013) 
Common Ringed 
Plover 
Europe 4    0.58 Boyd (1962) 
 United 
Kingdom 
4  0.40-
0.60 
0.57c 0.80 Pienkowski (1984) 
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 Netherlands 4   0.27-
0.35d 
0.61-0.82 Foppen et al. (2006) 
Semipalmated 
Plover 
Manitoba, 
Canada 
4   0.048d 0.866 Nol et al. (2010) 
 Manitoba, 
Canada 
4    0.71 Nol and Blanken (2014) 
Piping Plover New York, 
USA 
4 0.91b    Wilcox (1959) 
 Manitoba, 
Canada 
4 0.362b    Haig and Oring (1988) 
 Maryland, 
USA 
4 0.057-
0.880a 
0.08-
0.60 
  Patterson et al. (1991) 
 North Dakota, 
USA 
4    0.664 Root et al. (1992) 
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 North Dakota, 
USA 
4   0.318d 0.737 Larson et al. (2000) 
 Saskatchewan, 
Canada 
4 0.75-
0.88a 
   Harris et al. (2005) 
 Southern 
Nova Scotia, 
Canada 
4   0.328c 0.732 Calvert et al. (2006) 
 Gulf of St. 
Lawrence, 
Canada 
4   0.240c 0.733 Calvert et al. (2006) 
 New York, 
USA 
4    0.703 Cohen et al. (2006) 
 New York, 
USA 
4 0.46-
0.61a 
~0.28-
0.75 
  Cohen et al. (2009) 
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 USA 4    0.56-0.81 Roche et al. (2010) 
 Prince Edward 
I., Canada 
4 0.645b,f, 
0.339b,g 
   Barber et al. (2010) 
 Great Plains, 
USA 
4 0.47a,h, 
0.66a,i 
   Catlin et al. (2011) 
 Saskatchewan, 
Canada 
4   0.57d 0.80 Cohen and Gratto-Trevor 
(2011) 
 North Dakota, 
USA 
4 0.08-
0.35a 
   Anteau et al. (2012) 
 Great Lakes, 
USA 
4  0.556   Brudney et al. (2013) 
 Great Lakes, 
USA 
4 ~0.40-
0.75a 
   Claassen et al. (2014) 
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 Great Lakes, 
USA 
4   0.284d 0.742 0.725 Saunders et al. (2014) 
Madagascar 
Plover 
Madagascar 2 0.229a 0.414    Zefania et al. (2008) 
Little Ringed 
Plover 
Finland 4    0.72 Pakanen et al. (2015) 
White-fronted 
Plover 
South Africa 2 0.284b   0.876 From Summers and 
Hockey (1980) 
 South Africa 2 0.430a    Tulp (1998) 
 South Africa 2 0.038-
0.291a 
   Lloyd and Plagányi 
(2002) 
 South Africa 2    0.865 0.928 Lloyd (2008) 
Killdeer Michigan, 
USA 
4  0.27   Powell (1992) 
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Mountain Plover Colorado, 
USA 
3  0.466   Calculated from Miller 
and Knopf (1993) 
 Colorado, 
USA 
3 0.26-
0.37a 
   Knopf and Rupert (1996) 
 Montana, 
USA 
3 0.33a,j, 
0.49a,k 
   Dinsmore et al. (2002) 
 Montana, 
USA 
3   0.46, 
0.49d 
0.68 Dinsmore et al. (2003) 
 Montana, 
USA 
3  0.01-
0.26 
  Calculated from 
Dinsmore and Knopf 
(2005) 
 Wyoming, 
USA 
3 0.64b    Plumb et al. (2005) 
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 Colorado, 
USA 
3 0.56b    Mettenbrink et al. (2006) 
 Montana, 
USA 
3  0.06  0.74-0.96 Dinsmore (2008) 
 Colorado, 
USA 
3 0.272a    Dreitz et al. (2012) 
 Montana, 
USA 
3 0.01-
0.63a 
   Dinsmore (2013) 
 Colorado, 
USA 
3 0.17-
0.81a 
   Augustine and Skagen 
(2014) 
Eurasian 
Dotterel 
Norway 3 0.22-
0.67b 
   Kålås and Byrkjedal 
(1984) 
St. Helena 
Plover 
St. Helena 2 0.227-
0.238a 
   Burns et al. (2013) 
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Hooded Plover Australia 3  0.196   Weston (2000) 
 Australia 3 0.22b 0.40   Baird and Dann (2003) 
Shore Plover New Zealand 3 0.79, 
0.89b 
0.07, 
0.43 
  Davis (1994a) 
Wrybill New Zealand 2    0.83 Hay (1984) 
 New Zealand 2   0.45-
0.50d 
0.80 Dowding and Murphy 
(2001), Riegen and 
Dowding (2003) 
a Estimated using a model-based approach (Mayfield, others) 
b Apparent nest success (the proportion of nests in a sample that were successful) 
c Survival is from fledging to age one 
d Survival is estimated from chicks banded throughout the fledgling period to age one 
e Not exclosed nests only 
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f Exclosed nests 
g Not exclosed nests 
h Nests on natural sandbars 
i Nests on engineered sandbars 
j Female-tended nests 
k Male-tended nests  
68 
 
Table 10.2 
Summary of longevity records (in years and months) for plovers. 
Species Longevity record Source 
Red-breasted Dotterel 41 years Marchant and Higgins (1993) 
Kentish Plover 19 years Fransson et al. (2010) 
Snowy Plover 15 years and 11 months Colwell et al. (2017b) 
Wilson’s Plover 6 years U.S. Geological Survey (2016) 
Common Ringed Plover 20 years and 10 months Fransson et al. (2010) 
Semipalmated Plover 10 years and 8 months Nol and Blanken (2014) 
Piping Plover 17 years Piping Plover Conservation in Nova 
Scotia (2017) 
Little Ringed Plover 13 years Fransson et al. (2010) 
69 
 
Killdeer 10 years and 11 months U.S. Geological Survey (2016) 
Mountain Plover 12 years and 1 month pers. obs. 
Shore Plover 17 years Davis (1994b) 
Wrybill 22 years and 4 months Adrian Riegen pers. comm. 
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Table 10.3 
Local population estimates (number of adults) for selected plovers that have been derived from formal sampling efforts. When 
available, the 95% confidence limits are given in parentheses. 
Species Site Estimate Source 
Snowy Plover Lower Laguna Madre, Texas, 
USA 
416 (394, 438) Hood and Dinsmore (2007) 
 North America 23,555 (17,299, 
29,859) 
Thomas et al. (2012) 
Wilson’s Plover Lower Laguna Madre, Texas, 
USA 
279 (262, 296) Hood and Dinsmore (2007) 
Piping Plover North America (1991) 5,484 Haig and Plissner (1993) 
 North America (1996) 5,913 Plissner and Haig (2000) 
 North America (2001) 5,945 Haig et al. (2005) 
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 North America (2006) 8,092 Elliott-Smith et al. (2009) 
 North America (2011) 5,723 Elliott-Smith et al. (2015) 
Killdeer Eastern Rainwater Basin, 
Nebraska, USA 
101,883 (87,450, 
116,361) 
Jorgensen et al. (2009) 
Mountain Plover Northeastern Montana, USA 1,028 (903, 1,153) Childers and Dinsmore (2008) 
Mountain Plover Wyoming, USA 3,393 Plumb et al. (2005) 
Mountain Plover Nebraska, USA 1,568–1,650 Post van der Burg et al. (2010) 
Mountain Plover South Park, Colorado, USA 2,310 Wunder et al. (2003) 
Mountain Plover Eastern Colorado, USA 8,577 (7,511, 35,130) Tipton et al. (2009) 
Mountain Plover Oklahoma, USA 68–91 McConnell et al. (2009) 
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Figure 10.1 
DISTRIBUTION of estimated population sizes of plovers. Estimates come from Appendix A and the low end of a range of estimates is 
used in this figure. Species for which there are no reliable population estimates are termed “Unknown”. 
 
Unknown
<1000
1000 to 10,000
10,000 to 100,000
>100,000
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Figure 10.2 
The relationship between clutch size and nest survival (a) and adult annual survival (b) in plovers. The estimates for each clutch size 
were calculated using the data in Table 10.3 and using the mean for any estimates that included a range in the result. Vertical 
bars illustrate one standard deviation from the mean. Sample sizes for nest survival [2 eggs (n = 3), 3 eggs (n = 27), 4 eggs (n 
= 8)] differed from those for adult survival [2 eggs (n = 4), 3 eggs (n = 10), 4 eggs (n = 14)]. 
(a) 
74 
 
 
(b) 
0.000
0.100
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
2 eggs 3 eggs 4 eggs
N
es
t 
su
rv
iv
al
Clutch size
75 
 
 
  
0.600
0.650
0.700
0.750
0.800
0.850
0.900
0.950
2 eggs 3 eggs 4 eggs
A
d
u
lt
 s
u
rv
iv
al
Clutch size
76 
 
Appendix A. List of plover species covered in this book including subspecies information, breeding range, population size, population 
status, and migratory status.  
 
Common Name 
 
Latin Name / 
Subspeciesa 
 
Breeding Rangea 
Population 
Sizeb 
Population 
Statusb 
Migratory 
Statusb 
Red-breasted 
Dotterel 
C. o. obscurus Steward Island, New Zealand    
 C. o. aquilonius North Island, New Zealand    
      
Lesser Sand-plover C. m. mongolus E Siberia, Russian Far East 310,000-
390,000 
Least 
Concern 
Migratory 
 C. m. pamirensis Pamirs to w China    
 C. m. atrifrons Himalayas, s Tibet    
 C. m. schaeferi E Tibet to s Mongolia    
 C. m. stegmanni Kamchatka to Chukotsk Peninsula    
      
Greater Sand-plover C. l. leschenaultii W. China to s Mongolia, s Siberia 180,000-
360,000 
Least 
Concern 
Migratory 
 C. l. columbinus Turkey to s Afghanistan    
 C. l. scythicus Transcaspia to se Kazakstan    
      
Caspian Plover C. asiaticus Caspian Sea to w China No data Least 
Concern 
Migratory 
      
Collared Plover C. collaris Mexico to n Argentina, c Chile <10,000 Least 
Concern 
No data 
      
Puna Plover C. alticola Andes of Peru to nw Argentina, n 
Chile 
No data Least 
Concern 
No data 
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Two-banded Plover C. falklandicus S. Chile, Argentina and Falkland 
Islands 
No data Least 
Concern 
No data 
      
Double-banded 
Plover 
C. b. bicinctus New Zealand and Chatham Islands No data Least 
Concern 
No data 
 C. b. exilis Auckland Islands    
      
Kittlitz’s Plover C. pecuarius Africa south of the Sahara, ne 
Egypt, Madagascar 
No data Least 
Concern 
Non-
migratory 
      
Red-capped Plover C. ruficapillus Australia and Tasmania No data Least 
Concern 
No data 
      
Malay Plover C. peronii SE Asia to Philippines, Indonesia No data No data No data 
      
Kentish Plover C. a. alexandrinus W Palearctic to e China, s Japan No data Least 
Concern 
Migratory; 
sedentary 
 C. a. seebohmi SE India, Sri Lanka    
 C. a. dealbatus SE China    
      
Snowy Plover C. n. nivosus US to Mexico, West Indies 25,869 Near 
Threatened 
Migratory; 
sedentary 
 C. n. occidentalis Coastal Peru to south-central Chile No data   
      
Javan Plover C. javanicus Coastal Java, Bali, Kangean 
Islands 
No data No data No data 
      
Wilson’s Plover C. w. wilsonia E United States to Belize, West 
Indies 
No data Least 
Concern 
No data 
 C. w. beldingi Baja California, Mexico to s Peru    
 C. w. cinnamominus Colombia to French Guiana    
 C. w. crassirostris NE Brazil    
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Common Ringed 
Plover 
C. h. hiaticula NE Canada, Greenland to 
Scandinavia 
360,000-
1,300,000 
Least 
Concern 
Migratory 
 C. h. tundrae Russia, Siberia    
      
Semipalmated 
Plover 
C. semipalmatus North America >150,000 Least 
Concern 
Migratory 
      
Long-billed Plover C. placidus E Asia 1,000-25,000 Least 
Concern 
No data 
      
Piping Plover C. m. melodus North America 8,092 Near 
Threatened 
Migratory 
      
Madagascar Plover C. thoracicus SW Madagascar 2,700-3,500 ?? Sedentary 
      
Little Ringed Plover C. d. dubius Philippines to New Guinea, 
Bismarck Archipelago 
280,000-
530,000 
Least 
Concern 
Migratory 
 C. d. curonicus Palearctic    
 C. d. jerdoni India, SE Asia    
      
Three-banded Plover C. t. tricollaris Ethiopia to Tanzania, Gabon, 
Chad and S. Africa 
70,000-140,000 Least 
Concern 
Migratory (?) 
 C. t. bifrontalis Madagascar 10,000-30,000 Least 
Concern 
No data 
      
Forbe’s Plover C. forbesi W. and C. Africa No data No data No data 
      
White-fronted 
Plover 
C. m. marginatus S Angola to sw Cape Province No data Least 
Concern 
Migratory; 
sedentary 
 C. m. mechowi Africa s of Sahara to n Angola, 
Botswana, Mozambique 
   
 C. m. arenaceus S Mozambique to s Cape Province    
 C. m. tenellus Madagascar    
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Chestnut-banded 
Plover 
C. p. pallidus S Africa 11,000-16,000 Near 
Threatened 
Migratory; 
sedentary 
 C. p. venustus Rift Valley of Kenya/Tanzania 
border 
6,500   
      
Killdeer C. v. vociferus N America 1,000,000 Least 
Concern 
Migratory; 
sedentary 
 C. v. temominatus Greater Antilles    
 C. v. peruvianus Peru and nw Chile    
      
Mountain Plover C. montanus Great Plains of W Canada and 
United States 
11,000-14,000 Near 
Threatened 
Migratory 
      
Oriental Plover C. veredus Siberia to Manchuria and 
Mongolia 
160,000 Least 
Concern 
Migratory 
      
Eurasian Dotterel C. morinellus W Alaska and n Palearctic 50,000-220,000 Least 
Concern 
Migratory 
      
St. Helena Plover C. sanctaehelanae St. Helena Island <500 Critically 
Endangered 
Sedentary 
      
Rufous-chested 
Dotterel 
C. modestus Tierra del Fuego and Falkland 
Islands 
No data Least 
Concern 
No data 
      
Red-kneed Dotterel Erythrogonys cinctus Australia and s New Guinea No data Least 
Concern 
No data 
      
Hooded Plover Thinornis cucullatus S Australia, Tasmania, New 
Zealand 
~10,000 Vulnerable No data 
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Shore Plover Thinornis 
novaeseelandiae 
Rangitara Island, New Zealand ~300 Endangered Migratory; 
sedentary 
      
Black-fronted 
Dotterel 
Elseyornis melanops Australia, Tasmania, New Zealand No data Least 
Concern 
No data 
      
Inland Dotterel Peltohyas australis S Australia No data Least 
Concern 
No data 
      
Wrybill Anarhynchus frontalis N South Island, New Zealand 4,500-5,000 Vulnerable Migratory 
      
Diademed 
Sandpiper-Plover 
Phegornis mitchellii S Peru, Bolivia, W Argentina, 
Chile 
<10,000 Near 
Threatened 
Migratory; 
sedentary 
      
Tawny-throated 
Dotterel 
Oreopholus r. 
ruficollis 
Peru to c Tierra del Fuego 1,000-10,000 Least 
Concern 
Migratory 
 O. r. pallidus SW Ecuador and N Peru    
a Sources: Clements et al. (2016). 
b Sources: IUCN website (http://www.iucnredlist.org/); Delaney et al. (2009) An atlas of wader populations in Africa and 
Western Eurasia. Wetlands International and Wader Study Group.; population size estimates are broken down by species 
unless otherwise noted. 
